Surgery following neoadjuvant chemoradiotherapy (NCRT) is a common multidisciplinary treatment for resectable esophageal cancer (EC). After analyzing 12 randomized controlled trials (RCTs), we discuss the key issues of surgery in the management of resectable EC. Along with chemoradiotherapy, NCRT is recommended for patients with squamous cell carcinoma (SCC) and adenocarcinoma (AC), and most chemotherapy regimens are based on cisplatin, fluorouracil (FU), or both (CF). However, taxane-based schedules or additional studies, together with newer chemotherapies, are warranted. In nine clinical trials, post-operative complications were similar without significant differences between two treatment groups. In-hospital mortality was significantly different in only 1 out of 10 trials. Half of the randomized trials that compare NCRT with surgery in EC demonstrate an increase in overall survival or disease-free survival. NCRT offers a great opportunity for margin negative resection, decreased disease stage, and improved loco-regional control. However, NCRT does not affect the quality of life when combined with esophagectomy. Future trials should focus on the identification of optimum regimens and selection of patients who are most likely to benefit from specific treatment options.
Introduction
Esophageal cancer (EC) is the eighth most common cancer and sixth most common cause of death from cancer worldwide 1 .
An estimated 482,300 new cases and 406,800 related deaths occurred worldwide in 2008 1 . For decades, surgical resection, the mainstay treatment of EC patients, has had a poor longterm survival rate, even for localized diseases. High local and systemic failure rates prompt us to explore more effective multidisciplinary treatments. Strong evidence suggests that surgery following neoadjuvant chemoradiotherapy (NCRT) is the most effective combination for locally advanced EC. Furthermore, the results of an updated meta-analysis demonstrate the survival benefit of NCRT over surgery in patients with EC 2, 3 . A recent large randomized trial of NCRT in patients with esophageal or esophagogastric-junction cancer showed a significantly better and disease-free survival without increased post-operative complications and in-hospital mortality 4 . However, not all randomized controlled trials (RCTs) that compare NCRT and surgery have shown encouraging results. Among 11 previous RCTs that investigate the efficiency of NCRT compared with surgery [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , only 5 have significant survival benefit, including overall survival and/or disease-free survival ( Table 1) , while the other 6 RCTs not having survival advantages ( Table 2) . NCRT for EC is still debated among clinicians with many intractable issues that need to be solved.
In this review, we discuss the following issues through an in-depth study of present literature that compare NCRT with surgery alone: (1) NCRT sample choice; (2) NCRT schemes; (3) NCRT toxic effects and responses; and (4) post-operative Neoadjuvant chemoradiotherapy for resectable esophageal cancer: an in-depth study of randomized controlled trials and literature review complications and long-term survival. We searched PubMed to identify all the RCTs published that directly compares NCRT followed by surgery with surgery alone and excluded abstracts or meeting reports. Finally, 12 RCTs were analyzed in this study.
Sample choice
EC usually occurs as either squamous cell carcinoma (SCC) in endemic areas or as adenocarcinoma (AC) in non-endemic areas. Sample choice depends on the epidemiological characteristics of EC. Seven studies focusing on SCC were mainly from Asia 12, 14, 16 , France 7, 9 , and Norway 5 . Among them, three trials showed an improved overall survival and/or disease-free survival in patients who received NCRT. Two of these trials were from France 9 and China 16 and had the largest sample sizes. Similarly, five studies focusing mainly on AC were from the United States 10,15 , Australia 13 , Holland 4 , and Ireland 8, 11 . Among them, three trials showed an improved survival in patients who received NCRT. One of these successful trials was from Holland 4 and had the largest sample size.
In a trial from Australia, subgroup analysis showed that patients with SCC had better progression-free survival than those with non-SCC 13 ; however, the histology of SCC was independently associated with shorter survival in another trial 10 . In Dutch trials, the benefit on survival of EC patients 2 showed evidence supporting the use of NCRT for both SCC and AC. The difference between the two meta-analyses may have been because of the evidence-based differentiation of RCTs and evaluation criterion. Therefore, NCRT is recommended for both SCC and AC patients. Based on the available evidence, a differentiation of 
NCRT schemes
Most chemotherapy regimens are based on cisplatin, fluorouracil (FU), or both (CF) ( Table 3 ). The combination of FU and cisplatin has been a standard radio-sensitizing regimen for several decades with an efficiency of about 25% to 35%. Paclitaxel is a promising agent against EC. A single activity reaches 32% when administrated alone 20 . Paclitaxel has been widely used in concurrent NCRT in recent years [21] [22] [23] . Paclitaxel and cisplatin regimens have achieved better efficiency of about 50% to 60% in a neoadjuvant and definitive setting for advanced EC 24 . A phase II study of concurrent CRT with paclitaxel and cisplatin for inoperable esophageal SCC observed better survival rates, with 1-, 2-, 3-, and 4-year survival rates of 75%, 54%, 41%, and 29%, respectively 25 . NCRT, utilizing concurrent paclitaxel and radiotherapy followed by surgery, resulted in a significant pathologic complete response (38%) or minimal residual disease (31%) 26 . Adverse effects were generally tolerated. A comparison of two NCRT regimens in patients with potentially curable EC proved that the carboplatin/paclitaxel/41.4 Gy regimen caused less toxicity compared with the cisplatin/5-FU/50.4 Gy regimen, with an insignificant difference in response rates and long-term survival 27 . In the Dutch trial 4 , patients who had NCRT with paclitaxel and carboplatin weekly for 5 weeks with 41.4 Gy radiotherapy experienced a survival benefit unlike patients who had surgery alone. Another NCRT study 28 Even with a different paclitaxel schedule, a survival benefit was reported among patients who had NCRT, unlike patients who had surgery alone. Other clinical trials also provided evidence that a chemotherapy regimen containing paclitaxel rather than 5-FU was well tolerated. The survival data also favored paclitaxel against other previously reported combinations [29] [30] [31] .
Therefore, further development of taxane-based CRT schedules and additional studies in new chemotherapy combinations are warranted. Significant gain in long-term survival improvement after adding radiotherapy to pre-operative chemotherapy is still debated because of the limited data comparing pre-operative CRT and pre-operative chemotherapy for EC. Stahl et al. 32 randomly assigned 126 patients to NCRT and chemotherapy groups to evaluate the value of adding radiotherapy in pre-operative chemotherapy with a median observation time of 46 months; a total of 119 patients were eligible and evaluated. The number of patients who underwent complete tumor resection was similar between treatment groups (69.5% vs. 71.5%). Patients in the NCRT group had a significantly higher probability of showing a pathologic complete response (15.6% vs. 2.0%) or tumor-free lymph nodes (64.4% vs. 37.7%) at resection. Pre-operative radiotherapy improved the 3-year survival rate from 27.7% to 47.4% (P=0.07). Postoperative mortality did not significantly increase in the NCRT group (10.2% vs. 3.8%). A short duration and lack of statistical significance limited the study, but results pointed to a survival advantage for NCRT compared with pre-operative chemotherapy in AC of esophagogastric junction. Swisher et al. 33 also reported that in sequential phase II/III trials involving locoregionally advanced EC patients, NCRT was associated with improved overall and disease-free survival rates (P=0.046 and P=0.015, respectively) and increased pathological complete response P<0.001 compared with pre-operative chemotherapy. However, a recent phase II clinical trial 34 showed NCRT with regimens of cisplatin, and 5-FU did not show an improved survival benefit compared with pre-operative chemotherapy, which had the same drugs in patients with resectable AC of the esophagus and gastroesophageal junction. The histopathological response rate (NCRT 31% vs. chemotherapy 8%, P=0.01) and R1 resection rate (CRT 0% vs. chemotherapy 11%, P=0.04) favored those of NCRT recipients. The value of adding surgery to CRT in patients with locally advanced EC has been evaluated in clinical trials [35] [36] [37] [38] . The FFCD 9102 trial concluded that the addition of surgery after NCRT had no benefit in patients with locally advanced ECs, especially SCC, which responded to chemoradiation, compared with patients continuing additional CRT 37 40 also confirmed that long-term survival could be expected after multimodal therapy, and esophagectomy was therefore a valid treatment option when down-staging was achieved.
NCRT toxic effects and responses
The most common toxic effects during NCRT are fatigue 4 , nausea, vomiting 5 , esophagitis 13 , and hematologic toxicity 10, 15 . . The refusal may be because of the good responses to CRT and the potential for a high level of associated morbidity. Other patients were unable to undergo surgery because of disease progression. Table 4 shows that NCRT increased the number of patients who underwent R0 resection. Six out of seven trials, with available data, showed significant differences. In the Dutch trial 4 , an R0 resection was achieved in 148 out of 161 patients (92%) in the NCRT group, whereas R0 resection was achieved in 111 out of 161 (69%) patients in the surgery group (P<0.001). Another clinical trial demonstrated that all patients who underwent esophagectomy in the NCRT group achieved R0 resection, which was curative in more patients (P=0.037) 12 .
Resected specimens were pathologically assessed. The pathological complete response rate (pCR) ranged from 16% to 43%, with a median of 26.5%. A pCR of 23% was observed in 28 out of 121 patients with AC and 49% in 18 out of 37 patients with SCC (P=0.008) in the Dutch trial4; 9% with AC vs. 27% with SCC in another trial (P=0.02) 13 . Therefore, patients with esophageal SCC have good responses to CRT. In addition, the number of patients with positive lymph nodes decreased in five clinical trials with available data. Metastasis was found in the lymph nodes of resected specimen in 50 patients (31%) of the NCRT group, whereas metastasis was observed in 120 patients (75%) in the surgery group (P<0.001) 4 . Two other studies pathologically revealed a significantly lower stage of disease in T, N, and combined TNM stages 9, 12 . The frequency of lymphatic and venous invasion 14 and local failure rate 10 was also significantly lower in the NCRT group. NCRT offers a great opportunity for margin negative resection, improved loco-regional control, and decreased disease stage.
We determined the population group who are most likely to benefit from NCRT. Histology and TNM stage 29 , pCR [41] [42] [43] , and R0 resection 44 are identified as independent prognostic indicators for EC patients who underwent NCRT. The benefit is highly dependent on the tumor response to NCRT [45] [46] [47] .
Recurrence developed in 24 out of 62 patients (38.7%) with pCR and 70 out of 126 patients (55.6%) without pCR (P=0.044) 48 . Locoregional recurrence (LRR) with or without synchronous distant metastases occurred in 8 patients (13%) in the pCR group and in 31 patients (24.6%) in the non-pCR group (P=0.095) 48 . The overall 5-year survival rate was significantly higher in the pCR group than in the non-pCR group (52% vs. 33.9% respectively; P=0.019) 48 . Although pCR is favorable for survival, the method is not a cure or a complete locoregional disease control. A recent study 49 identified pre-therapeutic hemoglobin (Hb) level as an independent and useful marker for predicting pathologic tumor responses. Only 17.1% of patients with Hb levels ≤13 g/dL responded to treatment, whereas 48.8% of patients with a level of >13 (P=0.0002) responded. The patients had a 5-year overall survival rates of 40.9% and 58.9%, respectively (P=0.048). Other studies confirmed that the Hb level was associated with sensitivity 50 , loco-regional control 51, 52 , [55] [56] [57] . Musashi-1, a stem cell marker, was used to stain biopsy and surgically resected tissue specimens to examine the relationship of the staining intensity with response to NCRT, recurrence, and prognosis. The results suggested the possibility of Musashi-1 as a candidate marker for the histological response and prognosis of EC 58 . Analysis of selected microRNA (miRNA) of pre-therapeutic and post-therapeutic biopsies characterized miRNA profiles of responders and non-responders in the NCRT therapy of locally advanced EC. MiR-192 and miR-194 in pre-therapeutic biopsies were considered indicators of major histopathologic regressions 59 . However, findings could not clinically distinguish poor responders well. Esophagectomy was traditionally recommended to perform within 8 weeks after NCRT. A recent study retrospectively studied the effect of delayed surgery in 276 EC patients treated with NCRT and concluded that the method might be hazardous, especially in patients demonstrating good responses 60 . The amount of residual cancer increased significantly after a longer surgical interval (P=0.024). Survival also decreased after a longer surgical interval (5-year overall survival: 50% vs. 35%; P=0.038).
Esophagectomy should be performed after NCRT within 8 weeks, especially in patients with good responses.
Post-operative complications and longterm survival
Neoadjuvant therapies are associated with toxicity, which can contribute to subsequent post-operative morbidity and mortality. Conflicting evidence exists regarding the effect of these neoadjuvant approaches on NCRT outcomes compared with the outcomes in patients treated by surgery alone. Some investigators 61, 62 have reported a higher post-operative mortality after NCRT with surgery compared with surgery alone. In 9 out of 10 clinical trials with available data, post-operative complications were similar without significant differences in the two treatment groups, and in-hospital mortality was significantly different in only one trial ( Table 5) . Little association between risk of post-operative morbidity and mortality and neoadjuvant interventions was found. A meta-analysis based on 23 relevant studies showed that no increase in morbidity or mortality was attributable to neoadjuvant therapy. Subgroup analysis of NCRT for SCC suggested an increased risk of total post-operative mortality and treatment-related mortality compared with surgery alone. Care should be taken with NCRT in esophageal SCC, where an increased risk of post-operative mortality and treatmentrelated mortality was apparent 63 . A study 64 compared the surgical outcomes between 114 patients who did not receive neoadjuvant therapy (group 1) and 92 others who received NCRT (group 2). 31) , and all other complications did not significantly differ between the groups. Multivariable analysis revealed cervical lymph node dissection as the sole independent covariate for overall morbidity. Furthermore, a history of cardiovascular disease, retrosternal reconstruction route, and a longer surgical duration were independent covariates for anastomotic leakage. Old age and a lower body mass index were independent covariates for pneumonia. However, whether or not patients received NCRT was irrelevant. A study 65 also confirmed NCRT followed by esophagectomy in elderly patients as a safe treatment modality. A total of 5 out of 12 trials showed a significant overall survival benefit, and disease-free survival benefit was found in 4 out of 8 trials. Table 5 shows a superior overall survival in both groups, which is close to previously reported randomized trials. The survival of patients treated with surgery alone was improved, owing to the ongoing improvements in surgical techniques, patient selection, and staging methods over the years. Therefore, the differences in long-term survival in the recent four trials between 2006 and 2012 were not because of the poor survival in the surgery group but could clearly be attributed to the improved survival in the NCRT group. The results of the updated metaanalysis provided strong evidence for the survival benefit of NCRT over surgery alone in patients with EC Patients who proceeded to concomitant radiotherapy further deteriorated with specific problems of reflux symptoms and role functions (P<0.01). After neoadjuvant treatment but before surgery, HQoL returned to baseline levels. Six weeks after surgery, patients reported marked reductions in physical, role, and social function (P<0.01) and an increase in fatigue, nausea, emesis, pain, dyspnea, appetite loss, and coughing (P<0.01). Pre-operative treatment did not hamper the recovery of HQoL, and patients who had undergone neoadjuvant treatment reported fewer problems with post-operative nausea, emesis, and dysphagia, unlike those who had undergone surgery alone. Therefore, pre-operative chemotherapy or chemoradiotherapy had a negative effect on HQoL, which was restored in patients proceeding to surgery. Neoadjuvant treatment did not impair the recovery of HQoL after esophagectomy. These results supported the use of neoadjuvant treatment before surgery.
Conclusion
Pre-operative chemoradiotherapy followed by surgery is the most common approach for resectable EC, even though this approach has been debated for several decades. However, NCRT offers an undeniable opportunity for clinical down-staging, margin negative resection, improved loco-regional control, and increased survival and should be an optional treatment paradigm. The majority of the available evidence currently reveals that only selected locally advanced EC is likely to benefit from neoadjuvant therapy. Future trials should focus on the identification of the optimum regimen and should attempt to identify and select the patients most likely to benefit from specific treatment options.
